In order to investigate the effect of dietary fatty acids on hepatopancreatic enzyme activities and body composition, carp Cyprinus carpio were fed on a fat-free diet (FF) and three diets containing 2% of stearic acid (SA), linoleic acid (LA) or a mixture of n-3 highly unsaturated fatty acids (HUFA) , mainly containing 20:5n-3 and 22:6n-3 for 30 days . The serum triglyceride and cholesterol levels were lower in the SA and HUFA groups than in the FF and LA groups . The activities of lipogenic enzymes such as glucose-6-phosphate dehydrogense and NADP-malate dehydrogenase and the hepatopancreatic fat content were reduced by dietary fatty acids and were the lowest in the HUFA group . The activities of phosphofructokinase and alanine aminotransferase were also lower in the HUFA group than in the other groups. These findings suggest that dietary n-3 HUFA effectively reduced lipogenesis , glycolysis, and amino acid degradation in the hepatopancreas , and that the reduced lipogenesis resulted in a reduction of serum lipid levels.
In order to investigate the effect of dietary fatty acids on hepatopancreatic enzyme activities and body composition, carp Cyprinus carpio were fed on a fat-free diet (FF) and three diets containing 2% of stearic acid (SA), linoleic acid (LA) or a mixture of n-3 highly unsaturated fatty acids (HUFA) , mainly containing 20:5n-3 and 22:6n-3 for 30 days . The serum triglyceride and cholesterol levels were lower in the SA and HUFA groups than in the FF and LA groups . The activities of lipogenic enzymes such as glucose-6-phosphate dehydrogense and NADP-malate dehydrogenase and the hepatopancreatic fat content were reduced by dietary fatty acids and were the lowest in the HUFA group . The activities of phosphofructokinase and alanine aminotransferase were also lower in the HUFA group than in the other groups. These findings suggest that dietary n-3 HUFA effectively reduced lipogenesis , glycolysis, and amino acid degradation in the hepatopancreas , and that the reduced lipogenesis resulted in a reduction of serum lipid levels. In a previous study,1) the authors reported that dietary pollack liver oil more effectively suppressed hepatopancre atic lipogenic enzyme activities together with serum triglyceride and cholesterol levels than soybean oil or medium chain triglyceride. These results suggest that n-3 highly unsaturated fatty acids (n-3 HUFA) such as eico sapentaenoic acid and docosahexaenoic acid, which are characteristic of pollack liver oil, may reduce lipogenic enzyme activities and serum lipid levels in carp, as in mammals. 2.3) In the present investigation, in order to test this hypothesis, carp were fed on a diet containing stearic acid, linoleic acid or a mixture of n-3 HUFA for 30 days, the activities of hepatopancreatic enzymes and the levels of constituents in the serum and body were determined, and the metabolic response to dietary fatty acids was discussed.
Materials and Methods

Experimental Diets
As shown in Table  1 
Results
Growth and Feed Conversion
As shown in Table 2 , the weight gain was the highest in the HUFA group followed by the LA and FF groups, and was the lowest in the SA group. The differences in the feed efficiency, protein efficiency ratio, and energy efficiency among groups were similar to the weight gain.
Proximate Composition
The crude fat content in the hepatopancreas was decreased by the dietary supplementation of all fatty acids used and was the lowest in the HUFA group, despite the highest growth rate (Table 3) . On the contrary, the hepatopancreatic glycogen content was increased by all dietary fatty acids. The crude fat content in the whole body was higher in the LA group than in the other groups. The other constituents were not affected by dietary treatment.
Fatty Acid Composition of Body Fat
The fatty acid composition of total lipid in the whole (Table 4) . Namely, a large amount of 18:2n-6 and n-3 HUFA (20:5n-3 and 22:6n-3) was found in the LA and HUFA groups, respectively, and fatty acid composition in the SA group was similar to that in the FF group. However, the lowest level of 18:3n-3 was detected in the LA group. The level of 18:1 was slightly low in the HUFA group.
Serum Components
As shown in Fig. 1, the Values are means and standard deviations of six fish. Significant differences between the FF group and the other groups are indicated by: * p <0.05; ** p <0.01. fatty acids increased the free fatty acid levels, and dietary n-3 HUFA significantly increased the serum glucose and free amino acid levels. Total protein level was slightly high in the LA group.
Hepatopancreatic Enzymes PK activity was suppressed by dietary fatty acids, and the lowest activity was found in the HUFA group (Fig. 2) . PFK activity was also significantly reduced by dietary n-3 HUFA but was not affected by dietary stearic acid and linoleic acid. Furthermore, GOT, GPT, and arginase activities were depressed by dietary fatty acids, and especially GPT activity was greatly reduced by dietary n-3 HUFA. On the other hand, G6Pase activity was similar among the groups, though FDPase activity was slightly lower in the SA and HUFA groups than in the FF group.
As is evident from Fig. 3, the and cholesterol levels . In this study, both serum lipid levels were lowered by n-3 HUFA but not by linoleic acid. These results suggest that the effect of pollack liver oil on reducing serum lipid levels is due to the high concentration of n-3 HUFA . Although the serum lipid levels in the SA group were also low , growth retardation was observed in the SA group . Therefore, it was not clear whether the serum lipid levels were reduced by dietary stearic acid itself because the serum lipid levels may also have been affected by remarkable growth retardation . The requirement of carp for essential fatty acids is very low,12) hence the effect of essential fatty acid deficiency in the FF group might be disregarded in this study . In order to summarize the metabolic response to dietary fatty acids in carp, the ratios of enzyme activity and body component content in the LA or HUFA group to those in the FF group are shown in Fig. 4 . Also , the FF and SA groups were not compared due to the adverse effects of stearic acid on the growth of carp.
In the LA group, the activities of lipogenic enzymes (G6PDH, PGDH, NADP-MDH, and NADP-ICDH) and amino acid degrading enzymes (GOT , GPT, and arginase) were somewhat lower than in the FF group , but serum lipid l evels were similar. Of the glycolytic and gluconeogenic enzymes assayed, only the PK activity was somewhat reduced by dietary linoleic acid . Therefore, dietary linoleic acid appears to slightly suppress lipogenesis and amino acid degradation in the hepatopanereas .
On the other hand, in the HUFA group , all lipogenic enzyme activities together with serum triglyceride and cholesterol levels and hepatopancreatic fat content were considerably lower than in the FF group . The activities of glycolytic enzymes (PFK and PK) and amino acid degrading enzymes (GOT, GPT, and arginase) were also suppressed by dietary n-3 HUFA. Moreover , the degree of suppression of these parameeeeters as greater in n-3 HUFA than in linoleic acid. In the gluconeogenic enzymes , FDPase activity was suppressed by dietary n-3 HUFA , but G6Pase activity was not changed. These results suggest that dietary n-3 HUFA more effectively suppress lipogenesis , glycolysis, and amino acid degradation in the hepatopancreas than dietary linoleic acid. In addition, this metabolic response to dietary n-3 HUFA seems to indicate that energy utilization in the fish shifts from carbohydrate and protein to fat .
In mammals,2,3, [13] [14] [15] [16] [17] [18] [19] [20] it has been reported that dietary n-3 HUFA reduce serum triglyceride and cholesterol levels and this effect appears to be mediated through reduced hepatic lipogenesis, reduced synthesis and secretion of very low-density lipoprotein triglyceride in the liver , and i ncreased clearance of very low-density lipoprotein tri glyceride. The present and previous') studies indicate that both dietary n-3 HUFA and pollack liver oil have a greater effect on the reduction of lipogenic enzyme activities and serum lipid levels. These results are in good agreement with the findings in mammals ,2,17,18) and suggest that the reduction of serum lipid levels in the fish fed on n-3 HUFA or pollack liver oil is partly due to reduced lipogenesis .
